Introduction
The use of coal as a main energy source in the Silesia region has resulted in a significant increase in the concentration of pollutants (releasing sulphur dioxide, nitrogen oxides, carbon dioxide and various dusts into the atmosphere). The emission of harmful products from fossil fuel combustion can be reduced through the substitution of traditional fuels by energy from renewable sources, which are, in comparison to carbon dioxide, considered to have a neutral impact on the environment (BUJAKOWSKI ET AL., 2005) . Currently, the worldwide search for alternative sources of energy is conducted on a large scale. The sun is a practically inexhaustible source of energy. Solar energy is safe, clean and accessible for everyone. This paper aims to document the changes in global solar radiation in the Silesian region in the years 1994-2013 and to assess the potential of regional solar radiation as a renewable energy source. The theoretical potential of global solar radiation using DEM has been calculated for the first time for selected districts of the Silesian voivodeship. A combination of both measured and modelled values of global radiation allowed for a detailed assessment of spatial variability of solar renewable energy resources.
Materials and methods
This study used average hourly global radiation intensity data from 13 stations (Fig. 1) (Fig. 1) . Due to transformation of the WIOŚ (automatic monitoring) and resulting changes in the procedures of radiation measurement it was not possible to gather the data for the entire 1994-2013 period. All the available data on global solar radiation from the Silesia region were used in this study. The data have an hourly time resolution and were expressed in kW·m -2. . Monthly and annual totals of global radiation were then calculated and expressed in kW·m -2 . Using the multi-annual data we conducted an analysis of the global solar radiation. Changes in the global solar radiation from 1994-2004 and from 2005-2013 were calculated and expressed as a percentage of global solar radiation for 2004 and 2013 respectively to determine the changes in solar radiation during the period. The classification of stations with respect to the cost-effectiveness of solar energy use was also performed. The number of hours with total radiation exceeding the 100 W·m -2 and 300 W·m -2 threshold values was also calculated for both periods.
Using ArcGIS software the theoretical potential of solar radiation was calculated in selected districts of the Silesian region based on the digital elevation models in the PUWG 1992 coordinate system. The Digital Elevation Model that was used was the DTED 2 -model developed by vectorization slides of military topographic maps at a scale of 1:50 000. DEM standard DTED 2 is mainly used in topographic units of the Polish Army. DTED terrain model accuracy depends mainly on the type and accuracy of the source material used for its manufacture. According to a narrow-NATO standardization agreement STANAG 2215 -Evaluation of Land Maps, Aeronautical Charts and Digital Topographic Data. Although the models have been developed for ideal conditions, including full transparency of the atmosphere, it should be emphasized that solar radiation is continuously influenced by landform features, altitude, slopes and the presence of water reservoirs. The time interval selected was for the whole year. Calculations were performed for the whole year using monthly intervals. A single output was created for each whole year. The sky size for viewshed was created as a raster of 200 x 200 cells. The value of zenit divisions is eight divisions (relative to zenith). The values of azimuth divisions are eight (relative to north). The value of diffuse proportion is 0,3 for generally clear sky conditions. Transmissivity is 0,5 for a general clear sky. The reservoir's water temperature differs from the surroundings. It slowly gains or loses heat. While on land the solar radiation can only be absorbed in the shallow surface layer, in water bodies it can be much deeper. Depending on the chemical composition of the water, the quantity of plankton and the quantities of suspended sediment in the water the solar radiation can be absorbed at different depths in water bodies. Also, the roughness of the water surface of these water bodies is much lower than land. However, cloud cover is also a very important factor influencing the volume of global solar radiation. In clear sky conditions the intensity of global radiation primarily consists of direct radiation, whereas on completely overcast days scattered radiation dominates. Since radiation can be greatly affected by topography and surface features, a key component of the calculation algorithm requires the generation of an upward-looking hemispherical viewshed for every location in the DEM.
Results
In the period 1994-2004 the highest measurement of global radiation was found in Sosnowiec and Zabrze (over 1313 kWh·m -2 per year in 2003), and the weakest level of radiation was recorded in Bytom (600 kWh·m -2 per year in 2004). Regional variability in global radiation over the Silesia region results from many local factors, as well as spatial variability in air pollution.
The long-term range of global radiation was characterized by a noticeable spatial variability. The station in Bytom saw the biggest drop in global radiation, evidenced by a difference of -30.1% between 1994 and 2004 (Tab. 1). The largest increase was recorded in Zabrze (46.6%) and Sosnowiec (18.9%). However, the change in Zabrze (46.6%) was twice that recorded in Sosnowiec (18.9%). In the period 1994-2004 the global radiation ranged between 625 kWh·m -2 per year (Bytom) and 1313 kWh·m -2 per year (Zabrze) over the research area (Fig. 2) . A slow upward trend in global radiation was found in Zabrze between 1994 and 2001 followed by a clear jump in 2002. The biggest year to year fluctuations were observed in Piekary Śląskie. In the second of the research periods (2005-2013) the highest global radiation was recorded in Tychy and Cieszyn (more than 1100 kWh·m -2 per year) and the lowest in Wodzisław (773 kWh·m -2 per year) (Fig. 3) . The long-term changes in global radiation are less spatially variable in comparison to the previous period of 1994-2004, which is indicated by the similar long-term course. In the period 2005-2013 similar trends were observed at all stations.
The number of hours with global radiation >100 W·m -2 and >300 W·m -2 were calculated for winter (X-III) and summer (IV-IX). The number of daylight hours in summer is more than 2.5 times that in winter. The number of hours with global radiation exceeding the threshold value of 300 W·m -2 is more than twofold less than in the case of a threshold of 100 W·m -2 (Tab. 2).
In the period 2005-2013 the highest number of hours with global radiation >100 W·m -2 was also observed in Sosnowiec (winter: 784 h, summer: 1927h). The lowest number of hours was observed in Dąbrowa Górnicza (winter: 684 h, summer: 1725 h) (Tab. 3).
Based on the number of hours exceeding the threshold values, classification of the station with regard to the benefits of solar energy use was carried out. The classification was created subjectively using the maximum number of hours in excess of the threshold values.
The cities in the Silesian region were divided into four areas based on the usefulness of solar energy (Table 4) . The first area, comprising Sosnowiec and Cieszyn, is the most suitable both for mounting solar installations in larger enterprises as well as in single and multi-family houses. Within the areas classified into the "not beneficial" group the solar energy may only be used for the needs of single-family housing, for heating water or powering small household appliances. For large enterprises could be produce too low energy. The theoretical potential of solar radiation was calculated based on DEM and was created in the coordinate system PUWG 1992, taking into account the sun's position, geographical coordinates with a transparent atmosphere and ideal sunlight conditions for the whole year. The results are given in kWh·m -2 per year. The main components of the numerical model are actually spatial data. They consist of two parts -the first containing the value of the variable (attribute data) and the second specifying the location, or position, in space (data graphic or geometric) (URBAŃSKI, 2008) . In the numerical map one pixel corresponds to an area of 30x30m. The global solar radiation originating from each sky direction is calculated using a sunmap in the same hemispherical projection as the viewshed. A sunmap is a raster representation that displays the sun's track, or apparent position of the sun as it varies through the hours of day and through the days of the year. The sunmap consists of discrete sunmap sectors defined by the sun's position at particular intervals during the day (hours) and time of year (days or months). The sun track is calculated based on the latitude of the study area and the time configuration that defines sunmap sectors. For each sunmap sector, a unique identification value is specified, along with its centroid zenith and azimuth angle. The solar radiation originating from each sector is calculated separately, and the viewshed is overlain on the sunmap for calculation of global radiation. The solar radiation analysis tools enable mapping and analysis of the effects of the sun over a geographic area for specific time periods. It accounts for atmospheric effects, site latitude and elevation, steepness (slope) and compass direction (aspect), daily and seasonal shifts of the sun angle, and effects of shadows cast by surrounding topography.
The theoretical potential of solar radiation is dependent on several factors: the landform features, the absolute heights within the area, the tilting of slopes, and the appearance of . In Cieszyn the amount of the theoretical potential was closest to the measured annual solar radiation, which equals the technical potential. The technical potential of energy is the amount of energy during the year which may be obtained from the resources using the best and most modern processing technology of energy from renewable sources taking into account the spatial and environmental constraints. In contrast, in urban stations the theoretical potential is significantly different from the technical potential, which may result from a higher pollution concentration than in the suburban Cieszyn station. Within those districts typified by a varied topography a clear difference in the level of global radiation was found. The northern exposures were characterised by a reduced amount of global radiation, but much higher global radiation totals were recorded on the southern exposures. Station measurements deliver only solar radiation data for sparse point-locations. However, detailed information on the theoretical potential of global solar radiation can be obtained from digital landform modelling. A combination of both measured and modelled values of global solar radiation allows for a better assessment of solar radiation as a potential renewable source of energy within the research area. 
Discussion and conclusions
Global solar radiation depends strongly on the specific nature of the landform, the cloud cover and cloud type, and the transparency of the atmosphere. It also depends on the water vapour content in the atmosphere and aerosol concentration.
In Using the three-dimensional landform models for the regions we calculated the theoretical potential of solar radiation for the Silesian region. Although the models have been developed for ideal conditions, including full transparency of the atmosphere, it should be emphasized that solar radiation is continuously influenced by landform features, altitude, slopes and the presence of water reservoirs. Measured global solar radiation (technical potential) is proportionately lower compared to the theoretical potential of the radiation due to air pollution, cloud cover and other local factors.
